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(57) Abstract: 

PURPOSE: To match the oscillation space mode of an exit laser with a 
basic TEM00 mode only by detection of light output and to enable 
automatic starting by installing a pinhole in front of a photodetector to 
be used for control. 

CONSTITUTION: The light emitted from a resonator 102 is reflected 
about 10% by a beam splitter 108 and the second harmonic component 
of the reflected light is transmitted through a filter 10 and is then made 
incident on the pinhole 110. The diameter and set position of the pinhole 
110 are so set that the component of a higher order transverse mode is 
sufficiently removed. The light transmitted through the pinhole 110 is 
detected by a photodiode 1 1 1 and the detection signal is taken into a 
computer 112 which automatically controls the temp, and injection 
current of a semiconductor laser (LD) 101 and the temp, of the 
resonator 103 so as to maximize the light output and automatically 
starts the generator by determining the optimum conditions for second 
harmonic generation. The computer executes the automatic control so 
as to maintain the specified light output after the determination of the 
optimum conditions. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semiconductor laser for fundamentai-wave generating, and the resonator which resonates a 
fundamental wave including the non-linear optical material which changes a fundamental wave into a higher 
harmonic, A beam division means to separate a part of higher harmonic wave by which outgoing radiation is 
carried out from said resonator It is based on the signal by which photodetection was carried out to the 
photodetector which detects a part of separated higher harmonic. The inrush current of said semiconductor 
laser, In the higher-harmonic generator equipped with the output servomechanism which controls at least one 
physical quantity among temperature and the temperature of said resonator, and makes a higher-harmonic 
output max The higher-harmonic generator characterized by installing said beam division means and a removal 
means to remove the high order transverse mode on the optical axis between photodetectors. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the higher-harmonic generator which changes the fundamental 

wave from semiconductor laser etc. into a higher harmonic with a non-linear optica! material. 

[0002] 

[Description of the Prior Art] The method which controls by separating and detecting a part of optical outputs, 
such as a higher harmonic, by the outgoing radiation side is held for the auto-boot of the higher-harmonic 
generator using a non-linear optical material, and automatic stability control. An example of this method is 
shown in drawing 3 , The harmonic generation section is [ semiconductor laser (it considers as Following LD) 
301, and ] KNb03. It is constituted by the resonator 302 which consists of non-finear optical materials, such as 
a crystal. 

[0003] It is condensed by optical system 304 and incidence of the fundamental wave 303 which carried out 
outgoing radiation from LD301 is carried out to a resonator 302. A fundamental wave 303 resonates the inside of 
a resonator 302, and a part of fundamental wave 303 is changed into the 2nd higher harmonic 305. In the case of 
this method, temperature control of LD301 and the resonator 302 is carried out by Peltier devices 306 and 307, 
and the 2nd higher harmonic is controlled by the temperature of LD301 t and temperature of an inrush current 
and a resonator 302. 

[0004] By controlling the temperature of LD301, and the temperature of an inrush current and a resonator 302 
using a computer 311, such equipment can perform startup and adjustment automatically so that optical output 
signals, such as a higher harmonic, may become max. As for the light which carried out outgoing radiation from 
the resonator 302, about 10% is reflected by the beam splitter 308. After the 2nd reflected harmonic content of 
light penetrates a filter 309, incidence is carried out to a photodiode 310. 

[0005]. The temperature of LD301 and the temperature of an inrush current and a resonator 302 are controlled 
automatically, and auto-boot is carried out so that it may become the conditions of the optimal second harmonic 
generation, so that this light may be detected, it may download to a computer 31 1 and an optical output may 
become max. After determining the optimal conditions, automatic control is performed so that an optical output 
may become fixed. Since starting control is carried out by only the size of an output laser beam in the case of 
this method, it cannot be distinguished whether the oscillation has taken place in the basic TEM00 mode. 
Therefore, if the optical output detected is large even if it is oscillating in high order space mode when carrying 
out auto-boot using a computer, it will double and auto-boot will be carried out to the conditions oscillated by 
the higher mode, and automatic control will be performed so that the condition may be held. 
[0006] 

[Problem(s) to be Solved by the Invention] In the higher-harmonic generator equipped with the above-mentioned 
conventional output servomechanism, there was a trouble that lump auto-boot of the space mode could not be 
strictly doubled and carried out to TEM00. Therefore, the purpose of this invention is to supply the output 
servomechanism which doubles space mode and can carry out auto-boot to TEM00. 
[0007] 

[Means for Solving the Problem] This invention in order to attain the above-mentioned purpose The 
semiconductor laser for fundamental-wave generating, The resonator which resonates a fundamental wave 
including the non-linear optical material which changes a fundamental wave into a higher harmonic, A beam 
division means to separate a part of higher harmonic wave by which outgoing radiation is carried out from said 
resonator, It is based on the signal by which photodetection was carried out to the photodetector which detects 
a part of separated higher harmonic. The inrush current of said semiconductor laser, In the higher-harmonic 
generator equipped with the output servomechanism which controls at least one physical quantity among 
temperature and the temperature of said resonator, and makes a higher-harmonic output max The higher- 
harmonic generator characterized by installing said beam division means and a removal means to remove the 
high order transverse mode on the optical axis between photodetectors is offered. 

[0008] In this invention, as a beam division means, the beam splitter of a beam splitter and an optical-fiber 



coupler moid etc. is used, and, as for a photodetector, optical/electrical converters, such as a photodiode, are 
used. As an output servomechanism which makes a higher-harmonic output max, it always acts as the monitor 
of the physical quantity of the inrush current of LD, temperature, and the temperature of a resonator, and a 
control circuit, a computer, etc. which control such physical quantity with fluctuation of a higher-harmonic 
output are used. Temperature of LD and a resonator is performed by controlling the input value of temperature 
control components, such as a Peltier device attached to them. 

[0009] That what is necessary is just to choose suitably, at least, any of the physical quantity of the inrush 
current of LD t temperature, and the temperature of a resonator are controlled should just control one or more, 
while those. You may control combining two physical quantity. 

[0010] A pinhole, a slit, etc, which are made to pass only TEM00 basic mode and cover the high order transverse 
mode can use said removal means preferably, and what has a small light-receiving area can also be used for it 
with photodetectors, such as a photodiode. 

[001 1] as the non-linear optical material of this invention — KNb03 although a crystal is used preferably — 
LiNb03, KTiOP04, KH2 P04, beta-BaB 204, and Ba2 NaNb 5015 etc. — other nonlinear optical crystals, an 
organic nonlinear ingredient, etc. can be used. 
[0012] 

[Function] In the higher-harmonic generator equipped with the output servomechanism of this invention, it 
enables it to double the oscillation space mode of outgoing radiation laser, and to carry out auto-boot to the 
basic TEM00 mode only by detection of an optical output, by installing a pinhole in front of the photodetector for 
using for control. 
[0013] 

[Example] The example of this invention is explained to a detail based on a drawing below. One example of the 
second harmonic generation equipment which applied the output servomechanism of this invention is shown in 
dfiawing 1 . The second harmonic generation section is LD101 and KNb03. It is constituted by the resonator 102 
which consists of a nonlinear optical crystal. It is condensed by the optical system 104 which consists of a 
collimate lens, a mode matching lens, etc., and incidence of the fundamental wave 103 which carried out outgoing 
radiation from LD101 is carried out to a resonator 102. A fundamental wave 103 advances and resonates the 
inside of a resonator 102 to 3 corniform, and a part of fundamental wave 103 is changed into the 2nd higher 
harmonic 105. 

[0014] In the case of this method, temperature control of LD101 and the resonator 102 is carried out by Peltier 
devices 106 and 107, and the second harmonic generation is controlled by the temperature of LD101, and 
temperature of an inrush current and a resonator 102. By controlling the temperature of LD101, and the 
temperature of an inrush current and a resonator 102 using a computer 1 12, this equipment is performing 
startup and adjustment automatically so that an optical output signal may become max. 

[0015] As for the fight which carried out outgoing radiation from the resonator 102, about 10% is reflected by the 
beam splitter 108. After the 2nd reflected harmonic content of light penetrates a filter 109, incidence is carried 
out to a pinhole 110. The diameter and setting location of a pinhole 1 10 are set up so that the component of the 
high order transverse mode can fully remove. In the case of this example, the pinhole location is set up so that it 
may become a pattern as the outgoing radiation pattern 202 of the high order transverse mode and the outgoing 
radiation pattern 203 of a basic mode show to draw[ng„2 to the pinhole 201 with a diameter of 1mm. 
[0016] First, the shield which formed the pinhole 201 is formed on an optical axis, and it justifies so that a basic 
mode may be equivalent to pinhole 201 location. In that case, if the high order transverse mode has arisen like 
the pattern 202 of drawing 2 , it will control by the computer 1 12 so that only a basic mode occurs. In the place 
where the pattern of output light became like a pattern 203 at, the beam diameter of a basic mode spread at, 
and reinforcement increased, control of a computer 1 12 is held uniformly. 

[0017] In this case, the magnitude of a pinhole may not be fixed and you may make it set up the diameter of a 
pinhole smaller than the overall diameter of the beam pattern of a basic mode with the rotor plate which 
prepared two or more pinholes where magnitude differs. By optimizing the bore of a pinhole by relation with 
outer-diameter change of the beam pattern of a basic mode, the intensity ratio of TEM00 and the higher mode 
becomes about 3 or more times to the case where there is no pinhole. 

[0018] The temperature of LD101 and the temperature of an inrush current and a resonator 102 are controlled 
automatically, and auto-boot of the conditions of the optimal second harmonic generation is determined and 
carried out so that a photodiode 1 1 1 may detect the light which passed through the pinhole, a detecting signal 
may be downloaded to a computer 112 and an optical output may become max as mentioned above. After 
determining the optimal conditions, automatic control is performed so that an optical output may become fixed. 
Moreover, it is the same configuration as this example, and it is also possible to detect a fundamental wave 103, 
to double and to carry out lump auto-boot to the basic TEM00 mode. 

[001 9] The harmonic generation equipment of this invention can realize the information reader of a practical 
optical recording medium as the light source for optical information record detection of optical recording media, 



such as an optical disk and a magneto-optic disk, when the gestalt is used as a harmonic generation module. 
[0020] Moreover, the higher-harmonic generator of this invention is applicable also to the high precision light 
metering device which needs two waves of laser light for coincidence. For example, it is effective as air or the 
light source for the dust counters in gas. The minute dispersion reinforcement of dust which floats the inside of 
gas will fall r if dust becomes small, and it is in inverse proportion to the 4th power of the wavelength of a laser 
beam to irradiate. Therefore, if the higher harmonic of this invention is used as the light source for measurement, 
smaller dust is measurable with a sufficient precision. 

[0021] Moreover, although the laser beam microscope used gas laser, such as Ar and helium-Ne, for the light 
source section conventionally, it is using the higher-harmonic generator of this invention, and since the 
excitation light sources, such as a halogen lamp, become unnecessary, effectiveness, such as simplification of a 
water-cooled device, reinforcement, and a miniaturization, is acquired. Moreover, since the resolution of the 
image obtained by the laser beam microscope is in inverse proportion to the square of light source wavelength, it 
is using the higher-harmonic generator of this invention, and can perform observation of high resolution more. 
Application various in the range which does not lose this Sotomoto effect of the invention is possible. 
[0022] 

[Effect of the Invention] As explained above, by using the output servomechanism of this invention, the 
oscillation space mode of a laser output is doubled with the basic TEM00 mode only by detecting an optical 
output, and it is at and it becomes possible to carry out auto-boot. 

[Translation done.] 



* NOTICES * 



JPO and NCIP! are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
31n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the basic configuration of the harmonic generation equipment of this invention. 

lQrav{\ng 2j The top view showing the relation between the pinhole of this invention, and a laser beam outgoing 
radiation pattern. 

[Drawing 3] The block diagram of the basic configuration of conventional harmonic generation equipment. 

[Description of Notations] 

101:LD 

102: Resonator 

103: Fundamental wave 

104: Optical system 

105: The 2nd higher harmonic 

106: Peltier device 

107: Peltier device 

108: Beam splitter 

109: Filter 

110: Pinhole 

111: Photodiode 

112: Computer 

201: Pinhole 

202: The outgoing radiation pattern of the higher mode 
203: The outgoing radiation pattern in basic (TEM00) mode 
301 :LD 

302: Resonator 

303: Fundamental wave 

304: Optical system 

305: The 2nd higher harmonic 

306: Peltier device 

307: Peltier device 

308: Beam splitter 

309: Filter 

310: Photodiode 

31 1 : The computer for control 
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DRAWINGS 



[Drawing Jj] 




[ Dra wing 2] 




[Drawing 3] 
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